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(54) Calibration for an image output device 



(57) A system for compensating for a calibration drift 
in an image output device includes a user input means 
for specifying an output medium. An image output de- 
vice controller converts original image data to final im- 
age data used by the image output device. The image 
output device produces a calibration image, as a func- 
tion of an output medium, for a plurality of halftone 



screens capable of being produced by the image output 
device. A processor communicates with the controller. 
The processor calculates a plurality of candidate tone 
reproduction curve sets forth e specified output medium. 
Each of the sets corresponds to one of the plurality of 
halftone screens. The candidate tone reproduction 
curve sets are accepted for compensating for a calibra- 
tion drift in the image output device. 
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Description 

Background of the Invention 

[0001] The present invention relates to calibrating an 
electronic printer output device, it finds particular appli- 
cation in conjunction with calibrating an electronic print- 
er output device using a tone reproduction curve 
("TRC") and will be described with particular reference 
thereto. It will be appreciated, however, that the inven- 
tion is also amenable to other like applications. 
[0002] An electronic printer output device ("printing 
device"), also referred to as an image output terminal 
("lOT"), is generally capable of producing color and 
standard black-and-white tones to produce images. The 
printing device accepts color level specifications (typi- 
cally for each of four (4) colors including cyan, magenta, 
yellow, and black ("CMYK")) as input and produces cor- 
responding color areas on a printed page. This produc- 
tion of the corresponding color areas is often performed 
by a screening operation (also referred to as a halftoning 
operation) wherein a fine pattern of color dots is printed. 
The dots appear as varying color tones in accordance 
with the number of color dots used when viewed from a 
distance. The allowed color level specifications for each 
of the CMYK color spaces generally vary over some fi- 
nite range such as 0 to 1 or 0 to 255. The colors at the 
extremes (i.e., 0 and 1 or 0 and 255) are white and sat- 
urated CMYK colors, and numbers between the. ex- 
tremes yield intermediate color tones. However, while 
the color level specifications may vary linearly, a linear 
change in color levels typically does not result. Instead, 
there may be a particular threshold before lighter toned 
colors become visible. Similarly, darker toned colors 
may prematurely appear saturated. 
[0003] A printing device is designed to operate under 
certain conditions. More specifically, a printing device is 
calibrated to operate at an ideal set-point, for producing 
relatively consistent output when used within an envi- 
ronment having specific desired operating parameters 
such as, for example, a specific humidity, temperature, 
and dust count, etc. If any of the operating parameters 
deviates from the desired operating parameter, the 
printing device may drift away from the ideal set-point. 
To some extent the drift can be corrected with controlled 
feedback mechanisms within the printing device itself, 
but typically requires further corrective action to main- 
tain color consistency in the printed output. This inven- 
tion relates to this corrective action. 
[0004] One way to compensate for the drift within the 
printing device includes modifying data within a printing 
device output device controller ("controller"). The con- 
troller converts image data (e.g., PostScripts© data or 
PDF data) into raster data, which is transmitted to the 
printing device where it is printed. More specifically, a 
calibration (or correction) TRC modifies the raster data 
before it is sent to the printing device. The resulting im- 
age produced by the printing device using the corrected 



raster data is printed correctly (i.e., as if the printing de- 
vice had not drifted from the ideal set-point and the data 
was not corrected by the TRC). Both linear and nonlin- 
ear drifts within a printing device may be compensated 

5 by using calibration TRCs. 

[0005] In order to accurately produce a desired color 
level, the correspondence between the color level spec- 
ification of the printing device and the actual color level 
produced by the printing device must be known. The 

10 TRC provides an illustration of the corresponding rela- 
tionship. 

[0006] In order to determine the TRC, a sample set of 
color level specifications are printed and the color levels 
actually produced by the printing device are measured 
*5 by a device such as a colorimeter or spectrophotometer. 
The measured points are then used as raw data to cal- 
culate a set of curves. The set of curves produced are 
referred to as the calibration TRCs, or simply as TRCs. 
Various methods exist for creating TRCs. One such 
method is set forth in U.S. Patent No. 5,696,889, which 
is hereby incorp orated by reference. 
[0007] Although TRCs can be created and applied to 
correct for drifts in a printing device output, there is cur- 
rently no method or system that permits a user to specify 
a boundary (e.g., page, set, or job) after which a cali- 
bration process begins for a specified output medium. 
Furthermore, there is no method or system that permits 
the user to then specify a boundary (e.g., page, set, or 
job) after which TRCs that were calculated during the 
calibration process will be applied to future outputs of 
the printing device. 

[0008] The present invention provides a new and im- 
proved apparatus and method which overcomes the 
above-referenced problems and others. 

Summary of the Invention 

[0009] A method for calibrating a printer output device 
identifies an output medium. A calibration image is pro- 
duced on the output medium. The calibration image rep- 
resents a plurality of available halftone screens. Colors 
on the calibration image are measured. A plurality of 
candidate tone reproduction curve sets are calculated 
for the identified output medium. Each of the sets cor- 
responds to one of the available halftone screens. The 
sets of the tone reproduction curves are accepted for 
calibrating the printer output device to compensate for 
drifts from an optimum set-point. 
[0010] In accordance with one aspect of the present 
invention, a calibration boundary is identified. An output 
process of the image output terminal is suspended after 
the identified calibration boundary. 
[0011] In accordance with another aspect of the 
present invention, the calibration image on the medium 
is input into an Image processor. 
[0012] In accordance with a more limited aspect of the 
present invention, versions of existing sets of tone re- 
production curves, which were previously stored in the 
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Image processor, are browsed. 
[0013] In accordance with an even more limited as- 
pect of the present invention, one of the existing sets of 
tone reproduction curves is compared with one of the 
candidate sets of the tone reproduction curves. 
[0014] in accordance with another aspect of the 
present invention, an acceptance boundary, after which 
the accepted tone reproduction curve will be used for 
calibrating the printer output device, is specified. 
[0015] In accordance with another aspect of the 
present invention, an alternative output medium, which 
is to be associated with the accepted set of tone repro- 
duction curves, is selected. 

[0016] In accordance with another aspect of the 
present invention, a reversion is made to a previous ver- 
sion of existing sets of tone reproduction curves for any 
identified output medium. 

[0017] One advantage of the present invention is that 
it provides a method and system for applying various 
sets of TRCs that are dependent on output mediums 
and/or halftoning screens. 

[0018] Another advantage of the present invention is 
that it provides a method and system for calculating var- 
ious sets of TRCs after a user specified page, set, and/ 
or job boundary. 

[0019] Another advantage of the present invention is 
that it provides a method and system for applying the 
various sets of TRCs after a user specified page, set, 
and/or job boundary. 

[0020] Furthermore a system as defined in claim 9 is 
provided. 

In a further embodiment the system for compensating 
for a calibration drift in an image output device further 
includes: 

an image input device for converting the calibra- 
tion image into calibration data, which is transmitted to 
the processor for calculating the plurality of candidate 
tone reproduction curve sets. 

[0021] In a further embodiment the system further in- 
cludes: 

means for displaying different candidate tone re- 
production curve sets and visually comparing the dis- 
played candidate set of tone reproduction curves with 
an existing set of tone reproduction curves. 
[0022] In a further embodiment an output process of 
the image output device is suspended after a calibration 
boundary, which is set by a user, is reached, the calibra- 
tion image being produced after the output process is 
suspended. 

[0023] In a further embodiment the system further in- 
cludes: 

means for deleting the accepted set of tone repro- 
duction curves and reverting to an existing set of tone 
reproduction curves. 

[0024] In a further embodiment the accepted set of 
tone reproduction curves is used by the controller for 
converting original image data to final image data after 
an acceptance boundary is reached, the acceptance 



boundary being specified by a user. 

[0025] Furthermore, a method according to claim 10 

is provided. 

In a further embodiment, in the method for compensat- 
5 ing for a calibration drift in an image output device the 
accepting step includes: 

selecting the candidate tone reproduction curve 

set. 

[0026] In a further embodiment the method further in- 
io eludes: 

specifying an acceptance boundary, the step of 
processing being performed after the acceptance 
boundary is reached. 

[0027] In a further embodiment the method further in- 
15 eludes: 

viewing existing sets of tone reproduction curves; 
and 

comparing an existing set of tone reproduction 
20 curves with a candidate set of tone reproduction 
curves. 

[0028] In a further embodiment the method further in- 
cludes: 

25 storing the candidate sets of tone reproduction 

curves for use in the future as the existing sets of tone 
reproduction curves. 

[0029] In a further embodiment the method further in- 
cludes: 

30 reverting to a previously stored set of tone repro- 

duction curves. 

[0030] Still further advantages of the present inven- 
tion will become apparent to those of ordinary skill in the 
art upon reading and understanding the following de- 
35 tailed description of the preferred embodiments. 

Brief Description of the Drawings 

[0031] The invention may take form in various com- 
40 ponents and arrangements of components, and in var- 
ious steps and arrangements of steps. The drawings are 
only for purposes of illustrating a preferred embodiment 
and are not to be construed as limiting the invention. 

45 FIGURE 1 illustrates a system according to the 
present invention; 

FIGURE 2 illustrates a flowchart according to the 
present invention ; and 

FIGURE 3 illustrates a computer display screen ac- 
50 cording to the present invention. 

Detailed Description of the Preferred Embodiments 

[0032] With reference to FIGURE 1 , a system 10 for 
55 compensating for a calibration drift includes an electron- 
ic printer output device ("printing device") 12, also re- 
ferred to as an image output terminal ("lOT"), and a 
printer output device controller ("controller") 14 (image 
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data generator). In the preferred embodiment, the print- 
ing device is a color printer. However, it is also contem- 
plated that the printing device be a black-and-white 
printer or a color and black-and-white facsimile ma- 
chine. 

[0033] The controller 14 converts original image data 
(e.g., PostScript® or PDF format), which is received by 
the controller 14, to final image data (e.g., raster data). 
The final image data is transmitted from the controller 
14 to the printing device 12, which renders the image 
data on an output medium 20. In the preferred embod- 
iment, the output medium is some type of paper (e.g., 
glossy or semi-glossy). However, other types of output 
media (e.g., plastic transparency) are also contemplat- 
ed. 

[0034] By operating various input devices (e.g., a key- 
board 22 and/or a mouse 24) and a viewing monitor 26, 
which communicate with the controller 14, a user 30 is 
capable of correcting a calibration drift (or a drift from 
an optimum set-point), which is associated with the 
printing device 12, by processing the final image data 
that is transmitted to the printing device 12. In other 
words, if the calibrated settings of. the printing device 12 
drift over time, the final image data that is transmitted to 
the printing device 12 may be modified to bring the out- 
put produced by the printing device 12 back to the de- 
sired quality. 

[0035] FIGURE 2 shows a flowchart 32 of a method 
for calibrating the printing device 12 to compensate for 
calibration drifts. FIGURE 3 illustrates a preferred dis- 
play screen 34 that may be viewed by the user during 
the calibration process outlined in FIGURE 2. 
[0036] With reference to FIGURES 1 -3, a method for 
compensating for a calibration drift within the printing 
device 12 starts at a step 200. A determination is made 
in a step 202 if the user 30 merely desires to revert back 
to a previously stored set of TRCs. If the user 30 does 
wish to revert to a previous set of TRCs, control passes 
to a step 250. The reversion process will be described 
in more detail below. Otherwise, if the user 30 does not 
wish to revert to a previous set ot TRCs, control passes 
to a step 204. 

[0037] A calibration boundary is specified by the user 
30 in the step 204. More specifically, using the keyboard 
22 or mouse 24, the user 30 selects one of three (3) 
"buttons" 40, 42, 44 displayed on the monitor 26. In this 
way, the user 30 delays the calibration process from be- 
ginning until after the specified calibration boundary is 
reached. 

[0038] An output "job" includes one or more "sets," 
while each "set" includes one or more groups of "pages. 
■ Therefore, a user may, for example, desire to print five 
(5) sets of groups, each of which includes three (3) pag- 
es. Clicking on the Page Boundary button 40 delays the 
beginning of the calibration process until after the cur- 
rent page is completely printed; clicking on the Set 
Boundary button 42 delays the beginning of the calibra- 
tion process until after the current set (e.g., group of 



three (3) pages) is completely printed; clicking on the 
Job Boundary button 44 delays the beginning of the cal- 
ibration process until after the current job (e.g., all five 
(5) sets) is completely printed. 

5 [0039] There are several reasons why it is desirable 
to specify a calibration boundary for delaying the start 
of the calibration process. For example, although an out- 
put quality has begun to deteriorate, it may be desirable 
to keep all pages within each set to a consistent level of 

*o quality, which would be achieved by clicking the Set 
Boundary button 42. Alternatively, if it is desirable to 
maintain a consistent level of quality within a job, the 
user would click the Job Boundary button 44. Further- 
more, because the process described below requires a 

is calibration image (target image) to be produced, the 
Page Boundary button 40 alerts the system to finish 
printing the current page so that a complete calibration 
page (target page), which includes the calibration im- 
age, may be produced. 

20 [0040] Once the calibration boundary is reached, the 
controller 14 suspends an output process of the printing 
device 12 in a step 206. Then, in a step 208, the user 
30 specifies the type of medium (e.g. , glossy paper, mat- 
ted paper, clear transparency, etc.) on which the calibra- 

25 tion image (target image) is to be produced by selecting 
a Media Programming button 46. The target image is 
produced, in a step 212, on the specified medium using 
the printing device 12 by selecting a Print button 50. 
Preferably, the target image represents all the halftone 

30 screens supported by the printing device 12. The target 
image is input into an image processor 52 in a step 214, 
preferably using a color measurement device 54, such 
as a colorimeter or spectrophotometer, by selecting a 
Scan button 56. More specifically, colors on the target 

35 image are measured in the step 214. Then, data repre- 
senting the measured colors is transmitted from the 
scanning device 54 to the processor 52, which is pref- 
erably included within the controller 14. Then, the proc- 
essor 52 calculates candidate sets of tone reproduction 

40 curves. The number of sets so produced is preferably 
the same as the number of halftone screens supported 
by the printing device 12. It is to be understood that the 
candidate sets of TRCs are stored in the processor 52. 
In this manner, the candidate sets of TRCs may be re- 

45 called at a future time as existing TRCs, the benefits of 
which will become apparent from the discussion out- 
lined below. 

[0041] Each of the candidate sets of TRCs represents 
one of the halftone screens supported by the printing 
so device 12. Furthermore, each of the sets preferably in- 
cludes four (4) lines 60a, 60b, 60c, 60d; each of the lines 
60a, 60b, 60c, 60d corresponds to one of the colors in 
the CMYK color space. 

[0042] In a step 216, the user 30 displays one of the 
55 sets of TRCs. More specifically, the user 30 selects one 
of the screen types using a Screen Type button 64 be- 
fore selecting a Display button 62. Once the Display but- 
ton 62 is selected, an image of the candidate set of 
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TRCs 60 for the selected screen type is displayed. 
[0043] Then, in steps 220, 222, 224, the user 30 
browses through previously stored versions of TRCs (i. 
e., existing TRCs) for the specified medium type, which 
are stored in the controller 14 and classified according 
to halftone screens. As discussed above, the candidate 
sets of TRCs that were calculated by the processor 52 
will be available as existing TRCs in future calibration 
processes. 

[0044] In the step 220, the user 30 displays one of the 
existing TRC sets 66. More specifically, the user 30 
chooses a halftone screen type by selecting a Screen 
Type button 70. Then, the user 30 chooses one of the 
existing versions for the selected screen type by select- 
ing the Version button 72. The existing TRC set 66 for 
the selected halftone screen type and version is dis- 
played when the user 30 selects the Display button 74, 
System information (e.g., the date the currently dis- 
played existing set of TRCs was installed) is displayed 
in a window 68. 

[0045] In the step 222, the user 30 compares the cur- 
rently displayed candidate TRC set 60 with the currently 
displayed existing TRC set 66. For example, the user 
30 may be familiar with the output that will be produced 
using the currently displayed existing TRC set 66. Fur- 
thermore, a sophisticated user may be able to determine 
whether the candidate TRC set 60 will produce accept- 
able output on the printing device 12 by comparing the 
lines 60a, 60b, 60c 60d with the lines 66a, 66b, 66c 66d 
in the existing curve 66. 

[0046] In a step 223, the user 30 chooses whether to 
compare the lines 60a, 60b, 60c 60d with the lines 66a, 
66b 66c 66d for another halftone, screen type. If the 
comparison is desired, control returns to the step 216 
where the lines are selected by halftone screen type (us- 
ing the Screen Type button 64) and displayed by select- 
ing the Display button 62, or to the step 220 where the 
lines are selected by halftone screen type (using the 
Screen Type button 70) and displayed by selecting the 
Display button 74. Otherwise, if the user 30 no longer 
wishes to compare the lines 60a, 60b, 60c 60d with the 
lines 66a, 66b 66c 66d for another halftone screen type, 
control passes to the step 224. 
[0047] I n the step 224, the user 30 determines wheth- 
er to accept the currently displayed candidate TRC set 
60. If the user 30 does not decide to accept the candi- 
date TRC set 60, control passes to a step 234 for stop- 
ping the calibration process (if the user 30 determines 
not to accept the candidate TRC sets). Alternatively, if 
the user30 determines to accept the currently displayed 
candidate TRC set 60, control passes to a step 226. 
[0048] En the step 226, the user30 sets an acceptance 
boundary after which the new (accepted) TRC set 60 (i. 
e., the currently displayed candidate TRC set) will be 
used by the processor 52 for generating future final Im- 
age data. More specifically, the user 30 selects one of 
the Now, Set, or Job buttons 76, 78, 80 to indicate that 
the new TRC set 60 will be used beginning with the next 



output page, set, or job, respectively. Then, in a step 
230, the user 30 also sets the media type (by selecting 
a Media Attributes button 82) with which the new set of 
tone reproduction curves will be used. A default medium 
5 type, which is the medium type selected in the step 208, 
is initially displayed. 

[0049] Once the type of medium that will be used with 
the currently displayed candidate TRC set 60 is select- 
ed, system information regarding the halftone screen 
10 types associated with the currently displayed candidate 
TRC set 60 is shown in windows 84, 86, 88. More spe- 
cifically, the processor 52 preferably assigns identifying 
names to each of the halftone screens supported by the 
printing device 12. The identifying names are then dis- 
15 played in the windows 84, 86, 88. 

[0050] Then, the new tone reproduction curve set is 
accepted by selecting the Accept button 90 in a step 
232. 

[0051] If the user 30 wishes to produce a new tone 
reproduction curve set for another type of medium, the 
above described steps are carried out again by selecting 
said type of medium in 46 in the step 208. In this manner, 
the new TRC set accurately reflects the dependence on 
the medium type. However, rather than carrying out the 
above process again for another medium type, a less 
sophisticated user may wish to associate the current 
candidate TRC set 60 with another type of medium. If 
the user 30 wishes to do this in a step 233, control re- 
turns again to step 230 where an alternative medium is 
set by 82. This process continues until the user 30 wish- 
es to associate no more medium types with the current 
candidate TRC set 60 in which case control passes to 
the step 234. 

[0052] The calibration stops in the step 234. Then, the 
user 30 exits the calibration screen 34 by selecting an 
Exit button 99. 

[0053] After the new TRC set has been accepted and 
new output has been produced by the printing device 
12 as a function of the new TRC set, the user 30 may 
determine the quality of the new output is inferior. In this 
case, the user 30 may want to revert back to the most 
recently stored set of tone reproduction curves. There- 
fore, the user 30 starts the calibration process again in 
the step 200. Then, in the step 202, the user 30 indicates 
that reversion is desirable. Therefore, control passes to 
a step 250. 

[0054] In the step 250, the user 30 sets a reversion 
boundary by selecting one of a Now, Set, or Job button 
93, 94, 96, respectively. The selected reversion bound- 
ary indicates when the processor 52 will revert to the 
most recent set of TRCs; until the selected reversion 
boundary is reached, the currently selected set of TRCs 
60 will continue to be used by the processor 52 for pro- 
ducing the final image data. 

[0055] Then, in a step 252, the user 30 Identifies the 
associated media attributes (e.g., the type of medium) 
of the TRC set to be deleted. More specifically, because 
different types of media may have been associated with 
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as set forth in claim 4, further including: 

comparing one of the existing sets of tone re- 
production curves with one of the candidate sets of 
the tone reproduction curves. 

5 

6. The method for calibrating a printer output device 
as set forth in claim 1 , further including: 

specifying an acceptance boundary after 
which the accepted tone reproduction curve will be 
10 used for calibrating the printer output device. 

7. The method for calibrating a printer output device 
as set forth in claim 1 , further including: 

selecting an alternative output medium to be 
15 associated with the accepted set of tone reproduc- 
tion curves. 

8. The method for calibrating a printer output device 
as set forth in claim 1 , further including: 

20 reverting to a previous version of existing sets 

of tone reproduction curves for any identified output 
medium. 

9. A system for compensating for a calibration drift in 
25 an image output device (12), comprising: 



the candidate TRC set (e.g., in the step 230), the user 
30 identifies the medium type of the TRC set to be de- 
leted. 

[0056] Then, in a step 254, the user 30 reverts to the 
most recent existing TRC set stored in the processor 52 
by selecting a Revert Button 98. Control then passes to 
the step 234. 

[0057] The invention has been described with refer- 
ence to the preferred embodiment. Obviously, modifica- 
tions and alterations will occur to others upon reading 
and understanding the preceding detailed description. 
It is intended that the invention be construed as includ- 
ing all such modifications and alterations insofar as they 
come within the scope of the appended claims or the 
equivalents thereof. 



Claims 

1. A method for calibrating a printer output device (12), 
comprising: 

identifying (208) an output medium (20); 
producing (21 2) a calibration image on the out- 
put medium (20), the calibration image repre- 
senting a plurality of available halftone screens; 
measuring (214) colors on the calibration im- 
age; 

calculating (214) a plurality of candidate tone 
reproduction curve sets (60) for the identified 
output medium (20), each of the sets (60) cor- 
responding to one of the available halftone 
screens; and 

accepting (232) the sets (60) of the tone repro- 
duction curves for calibrating the printer output 
device (1 2) to compensate for drifts from an op- 
timum set-point. 

2. The method for calibrating a printer output device 
as set forth in claim 1 , further comprising: 

identifying a calibration boundary; and 
suspending an output process of the image out- 
put terminal after the identified calibration 
boundary. 

3. The method for calibrating a printer output device 
as set forth in claim 1, further comprising: 

inputting the calibration image on the medium 
into an image processor. 

4. The method for calibrating a printer output device 
as set forth in claim 3, further including: 

browsing versions of existing sets of tone re- 
production curves which were previously stored in 
the image processor. 

5. The method for calibrating a printer output device 



a user input means (22, 24) for specifying an 
output medium (20); 

an image output device controller (14) for con- 
so verting original image data to final image data 
used by the image output device (12), the im- 
age output device (12) producing a calibration 
image, as a function of the output medium (20), 
for a plurality of halftone screens capable of be- 
35 ing produced by the image output device (1 2); 

a processor (52) communicating with the con- 
troller (1 4), the processor (52) calculating a plu- 
rality of candidate tone reproduction curve sets 
for the specified output medium (20), each of 
40 the sets corresponding to one of the plurality of 

halftone screens; and 

means (22, 24, 26) for accepting the candidate 
tone reproduction curve sets for compensating 
for a calibration drift in the image output device 
45 (12). 

1 0. A method for compensating for a calibration drift in 
an image output device, comprising: 

50 specifying a calibration boundary; 

rendering a target output image on the image 
output device after the calibration boundary is 
reached, a plurality of halftone screens capable 
of being produced by the image output device 
55 being represented on the target output image; 

measuring colors included on the target output 
image; 

calculating a set of candidate tone reproduction 
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curves for each of the halftone screens; 
accepting one of the candidate tone reproduc- 
tion curve sets; and 

processing future image data, which is used to 
produce images on the output device, with the s 
accepted candidate set of tone reproduction 
curves. 
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